We assessed the frequency and severity of hypoglycemia in type 2 diabetes mellitus patients treated with sulfonylurea monotherapy or sulfonylurea+metformin. Methods: We conducted a retrospective, observational, cross-sectional study in 2011 and 2012 including patients with type 2 diabetes mellitus aged ≥30 years who were treated with ≥6 months of sulfonylurea monotherapy or sulfonylurea+metformin at 20 university-affiliated hospitals in Korea. At enrollment, glycated hemoglobin (HbA1c) was assessed; participants completed self-reported questionnaires describing hypoglycemia incidents over the past 6 months. A review of medical records up to 12 months before enrollment provided data on demographics, disease history, comorbidities, laboratory results, and drug usage.
INTRODUCTION
under particular threat. In Korea, the prevalence of diabetes is higher than the regional average, affecting 8.9% of the population. 1) To slow T2DM progression and help patients reach glycemic targets, expert guidelines stress the importance of comprehensive disease management. Combined with lifestyle modification, several oral antihyperglycemic agents are recommended to help patients achieve glycemic targets. Sulfonylureas (SUs) are some of the most widely used oral antihyperglycemic agents worldwide and have been the predominant treatment in Korea as monotherapy and also as dual therapy with metformin. SUs act on the beta cells to stimulate insulin secretion; however, they do so without regard to blood glucose levels, and therefore can cause a rapid decrease in glucose levels. Given this mechanism, hypoglycemia, defined as abnormally low plasma glucose, is a common side effect of SU-based therapy. This is especially the case among patients with renal failure and compromised kidney function, as SUs are excreted by the kidneys and may accumulate in these patients. 2, 3) Patients treated with SUs have also been found to have a higher risk of adverse cardiovascular outcomes and mortality compared with patients who are treated with monotherapy metformin. 4, 5) The association between SUs and hypoglycemia is of particular concern because hypoglycemia causes significant physical and psychosocial morbidity and is considered as the most limiting factor in glycemic management. 6) Therefore, understanding the risk factors associated with hypoglycemia is imperative to improving glycemic control in patients with T2DM. Previous studies have found that the risks of hypoglycemia include behavioral, therapeutic, and physiologic factors. [6] [7] [8] [9] [10] Given the dominant use of SU-based therapy in Korea and its association with hypoglycemia, it is important to understand treatment patterns and the incidence of hypoglycemia in Korea specifically. According to UBIquitous STatistics data from 2009, non-endocrinology physicians prescribed more than half of all diabetes treatments in Korea. 11) For patients treated with SUs in these settings, pre-existing cardiovascular or kidney disease, treatment patterns, glycated hemoglobin (HbA1c) goal attainment rates, and diabetes complication rates remain unknown. The prevalence and severity of hypoglycemia, and its impact on patient satisfaction and quality of life (QoL), also remain unknown.
To address this gap in knowledge, the objective of this study was to assess the frequency and severity of hypoglycemia in SU-treated patients in Korea, as well as factors associated with hypoglycemia, and its impact on patient satisfaction and QoL among patients with T2DM treated with SU in cardiology, nephrology, and family practice settings in Korea. Further, we assessed goal attainment rates, treatment patterns, and incidence of diabetes complications.
METHODS

Study Design
The Naturalistic Evaluation of Hypoglycemic Events in Dia betic Study (NEEDS) was a multicenter, observational study using both retrospective and cross-sectional data from a cohort of consecutively selected patients with T2DM of 10 hospitals in Seoul and 10 hospitals from other provinces; 19 were university-affiliated hospitals and one was a sec- 
Study Sample
Patients included in the study were diagnosed with T2DM using criteria of the ADA 12) and were at least 30 years of age at the time of diagnosis. Patients must have received outpatient diabetes care from a cardiologist, nephrologist, or family practitioner, and must have been treated with SU monotherapy or SU plus metformin combination therapy for at least 6 months prior to enrollment.
Patients were excluded from the study sample if they were pregnant, diagnosed with type 1 or gestational DM, or had received any antidiabetic treatment from an endocrinologist/diabetologist within 6 months of the enrollment date. Also excluded from the study were patients who received any oral antihyperglycemic agent other than SU or SU plus metformin, or those who required daily concomitant usage of insulin. Of note, patients who received rapid acting insulin during hospitalization, an emergency room visit, kidney dialysis, or an invasive procedure in an outpatient department were retained in the study sample.
Outcome Measures
Patient characteristics were extracted from medical chart reviews at enrollment and for the 12 months preceding enrollment, and also collected using a cross-sectional patient survey. At enrollment, all participating patients received a standard blood test after an overnight fast.
Clinical outcomes measured in the study included HbA1c, fasting plasma glucose, serum creatinine, total cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, triglyceride, and urinary albumin levels. A target HbA1c level of less than 7.0% was applied, as recommended by the ADA. In addition, each patient's body weight, blood pressure, and waist circumference were measured, and information on alcohol and tobacco use, dietary management, and family history was also collected.
The main outcome variables of the study were the incidence and severity of hypoglycemia. Patients were asked if they had experienced symptoms of hypoglycemia in the 6 months prior to study enrollment, based on a list of symptoms provided (sweating, confusion/feeling disoriented, shakiness, clumsy or jerky movements, dizziness, sudden moodiness or behavior changes, hunger, tingling sensations around the mouth, difficulty concentrating, headache, and pale skin color).
Patients who recorded a positive response were further asked to rate the severity of their episodes as mild (little or no interruption of activities, and did not feel the need for assistance to manage symptoms), moderate (some interruption of activities, but did not feel the need for assistance to manage symptoms), severe (felt the need for assistance from others to manage symptoms), or very severe (needed medical attention). Patients who experienced hypoglycemia also reported the intensity of events by describing how 'bothered' they were by their hypoglycemia symptoms, which ranged in intensity from 'not concerned' to 'extremely bothered' .
Patient satisfaction with treatment was measured using the Treat- 
Statistical Analysis
We performed descriptive analysis to assess demographics, disease characteristics, clinical outcomes, treatment patterns, and the frequency and severity of hypoglycemia. To investigate factors associated with hypoglycemia, differences in patient demographics, disease characteristics, and clinical outcomes were assessed in patients with hypoglycemia versus patients without hypoglycemia using t-tests for continuous variables or χ 2 tests for categorical variables. To describe the broader impact of hypoglycemia, a comparison of patient satisfaction, QoL, and levels of worry and fear was also conducted in patients who experienced hypoglycemia versus those who did not. Multivariable logistic regression analysis was also used to explore key factors associated with hypoglycemia. Statistical significance was evaluated at a 5% significance level throughout the study.
RESULTS
In total, we enrolled 726 patients in this study, of which 419 patients were treated in cardiology, 162 in nephrology, and 145 in family medicine settings. Seven patients failed to meet all the inclusion criteria and were excluded from the sample, which left 719 patients in the final sample.
Patient Characteristics
Patient characteristics are summarized in Values are presented as number (%). HbA1c, glycated hemoglobin; SU, sulfonylurea. *HbA1c goal attainment rate calculated in 717 patients.
Glycated Hemoglobin Goal Attainment and Treatment Patterns
† Macrovascular conditions refer to ischemic heart disease, congestive heart failure, myocardial infarction, stroke, atrial fibrillation, and peripheral vascular disease.
‡ Microvascular conditions refer to blindness, amputation, and renal failure. Table 3 explores the frequency and severity of hypoglycemia in the study participants. In total, 42.4% of patients had experienced hypoglycemia symptoms at least once in the 6 months prior to enrollment. The total number of patients was 410. ‡ Macrovascular conditions refer to ischemic heart disease, congestive heart failure, myocardial infarction, stroke, atrial fibrillation, and peripheral vascular disease. § Microvascular conditions refer to blindness, amputation, and renal failure.
Hypoglycemia and Associated Factors
The most commonly reported frequency of hypoglycemia per patient was once or twice in that period. On average, patients who ever reported very severe hypoglycemia experienced hypoglycemia 3.5 times over the 6 months prior to enrollment, and the number of events in this subgroup ranged from 1 to 30 times in that period.
Assessing the self-reported severity of patients' worst hypoglycemia event, 38.8% of patients reported their worst hypoglycemia symptoms as mild, 12.9% as moderate, 12.7% as severe, and 3.9% as very severe.
Based on responses from the 282 patients who experienced hypoglycemia, 95 (33.7%) were slightly bothered by their hypoglycemia symptoms, 22 (7.8%) were somewhat bothered, 14 (5.0%) were very bothered, and five (1.8%) were extremely bothered by their symptoms. Table 4 compares patients who experienced hypoglycemia with those who did not, to assess demographic and clinical factors associated with hypoglycemia events. A significantly larger proportion of patients with hypoglycemia had comorbid macrovascular diseases (including ischemic heart disease, congestive heart failure, myocardial infarction, atrial fibrillation, peripheral vascular disease, and stroke), as compared with patients who did not have hypoglycemia (48.5% versus 37.7%, P=0.0036). In comparison with their counterparts without hypoglycemia, a greater proportion of patients who experienced hypoglycemia also reported a family history of macrovascular disease (13.4% versus 7.3%, P=0.0215), a family history of diabetes (36.4% versus 23%, P=0.0004), and that they self-monitored their blood glucose (48.9% versus 41.1%, P=0.0377). Likewise, a higher proportion of patients with hypoglycemia concomitantly used antihypertensive medications (92.1% versus 87.4%, P=0.0432) and lipid-lowering medications (80.0% versus 66.9%, P=0.0001) than those without hypoglycemia. There were no significant differences between the two groups when comparing age, sex, use of tobacco and alcohol, dietary management, duration of T2DM, baseline estimated glomerular filtration rate, or BMI. Table 5 
DISCUSSION
The objective of the NEEDS was to assess the incidence and severity of hypoglycemia, as well as goal attainment rates and treatment patterns among patients with T2DM treated with SU in cardiology, nephrology, and family practice settings at university-affiliated hospitals in Korea.
Results from this study indicated that glycemic levels among patients with T2DM treated with SU or SU plus metformin therapy in Korea were relatively well controlled. However, 42.4% of study participants had experienced at least one hypoglycemia symptom in the 6 months prior to enrollment. The incidence and severity of hypoglycemia symptoms observed in this study were comparable to those reported in Western countries. 13, 14) Our results were also within range of those of a similar study conducted in Asia in 2007, the Asia Pacific RECAP-DM Study, which reported that 36% of patients with T2DM receiving oral antihyperglycemic agents experienced hypoglycemia symptoms within the 6 months preceding enrollment. 15) The higher rate of hypoglycemia reported in this study may be because all patients in the sample were treated with an SU-based regimen, of which hypoglycemia is a known side effect. The higher incidence of hypoglycemia reported here may also reflect unique challenges to diabetes management faced in cardiology, nephrology, and family practice settings, where familiarity with best practice in diabetes management may be less well known.
Another objective of this study was to assess factors related to hypoglycemia, and the impact of hypoglycemia on patient satisfaction and QoL. Results confirmed that among Korean patients with T2DM treated with SUs, patient-reported that hypoglycemia was associated with a significantly lower QoL, including greater anxiety and depression, more pain and discomfort, and greater difficulty performing routine daily activities. We also found that hypoglycemia was significantly associated with lower treatment satisfaction, including worse perceptions of the treatment's effectiveness, side effects, and convenience. As expected, self-reported hypoglycemia symptoms were also associated with greater fear of hypoglycemia. These results are again consistent with findings of the Asia Pacific RECAP-DM Study. 16) These findings suggested that the QoL of patients with T2DM could be improved by educational interventions addressing a patient's worries about hypoglycemia. There is some evidence that training patients to recognize and avoid severe hypoglycemia episodes may reduce their fear of side effects. 16) Further, because a patient's fears about a therapy's side effects and its effectiveness mediate a physician's willingness to intensify therapy, reducing patients' fear may lead to therapy intensification and thus improve glycemic control. 17) Results from this study were also consistent with previously published literature reporting that the presence of hypoglycemia was associated with the use of concomitant drug therapy aimed at reducing the risk of micro-and macrovascular complications, as well as decreased adherence to diet management and a reduction in patients' willingness to take medications as directed. 18) Those findings imply that antidiabetic therapy that has a lower risk of hypoglycemia may increase patient adherence and help patients achieve long-term benefits associated with well-controlled blood glucose levels. 19) This study has several limitations. Outcomes measured at enrollment were cross-sectional, and therefore causality cannot be inferred.
In particular, no conclusions on the change in glycemic control among patients over the treatment period could be ascertained. This study also relied on self-reported data, particularly the incidence, severity, and impact of hypoglycemia. If patients failed to recall all hypoglycemia events, then the measures of incidence and severity in this sample may be underestimated. However, patients who experienced hypoglycemia may have recalled their treatment experience with better accuracy than those who had no hypoglycemia events. Moreover, because patients with hypoglycemia are more likely to report negative outcomes than their counterparts, this may have exaggerated the differences between the two groups. Future studies with more rigorous designs are needed to further explore the incidence and impact of hypoglycemia on patients' well-being, adherence, and long-term clinical outcomes. Further, whereas the occurrence of hypoglycemia significantly reduced mean EQ-5D scores, it is not clear whether this result met the criteria for a minimal clinically important difference. Estimates of the minimal clinically important difference for the EQ-VAS range from 4.2 to 14.8 20) and from 3.8 to 8. 4, 21) and the difference in this study was 3.38 (Table 5) . Finally, because patients were only recruited from cardiology, nephrology, and family practice settings at university-affiliated hospitals in Korea, these results may not be generalizable to other practice areas or other regions.
A substantial proportion of patients with T2DM receiving SU-based regimens did not achieve optimal HbA1c control and experienced hypoglycemia during their recent treatment period. Patient-reported hypoglycemia symptoms were common in patients receiving SU-based treatment, and were associated with significantly lower treatment satisfaction and lower QoL, as well as greater worry about hypoglycemia.
To improve glycemic control in patients with T2DM in Korea, it is important to educate patients and physicians on strategies to avoid hypoglycemia.
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